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FOREWORD 


Thl*  Final  Technical  Documentary  Report  cover*  the  work  per¬ 
formed  under  Contract  AF  J0(60?) -b06?.  ARFA  Order  Ho.  \}C.  Amendment 
Ho.  11,  from  l  Kerch  1966  to  )1  October  1967,  It  is  published  for 
information  only  end  doe«  not  necessarily  represent  the  rec  ■wrsenda  t  ion*  , 
conclusion*  or  *pprov*l  of  the  Air  Force 

Thl *  contract  with  S-F-D  laboratories,  inc  .  Union,  Hew  Jersey, 
wa*  sponsored  by  the  Advanced  Research  Project*  Agency  under  the  technical 
direction  of  the  Rem#  Air  Develo;»r«nt  Center,  Air  Force  Systems  Command. 
Crifftss  Air  Force  Rase.  Hew  Tork  Gspt  R  DuBols  was  the  technical 
monitor  for  th*  program 

The  work  was  performed  by  the  Crossed- field  Amplifier 
Department  of  S-F-D  laboratories  R  A  La  Plante.  Kanager  of  the  Crossed- 
fleld  Amplifier  Department,  was  the  project  manager  Technical  supervision 
was  performed  by  F  A  Feulner,  Technical  Kanager  of  the  Croased- field 
Amplifier  Department  The  electrical  performance  evaluation  wa*  conducted 
by  A,  Vilctek,  Project  Engineer 
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A  BS  tm  n 

The  purpose  at  thin  r  (fort  vm  to  conduct  4  C-band  phased 
array  i  rot  •  cd  -  f  i  e  Id  amplifier  program  to  deliver  a  tube  capable  of 
•upplying  1  megawatt  of  peak  power  with  an  average  power  Output  of 
10  kilowatt*  acr  *  '  '00  KHr  band  centered  at  *  tS  CMr  The  amplifier, 

which  1*  dc  operated  With  control  electrode  turn  Off,  i*  to  be  packaged 
In  a  10  inch  diameter  Magnet  leal  ly  *hielded  package  with  in.cgtal 
permanent  magnet* 

The  design  and  deVelopMent  of  thl*  tube  Were  direct  l)'  bated 
upon  re»u It*  which  were  obtained  on  a  program  conducted  under  On  tract 
AT  K)(t0r)-T6H  A  particularly  aignifi  ant  re*ult  of  the  program 
under  that  contract  wa*  the  development  of  a  new  alow  wave  atructure 
for  broad  band  forward  wave  amplifier*  Thl*  new  structure.  the  hell* 
coupled  vane  (MCV)  circuit  ha*  demon*  (rated  bandwidth*  In  cm  of 
the  present  requirement*  Hatching  *iudlr»  on  the  HCV  circuit  have 
resulted  in  a  very  good  match  over  appr orlmat r ly  1  Ql* 

A  cathode  material  *tudy  va#  initiated,  in  which  *evrral 
material*  were  examined  for  their  suitability  for  us*  in  the  high  power 
dc  operated  amplifier  Of  the  *evera 1  materials  examined,  an  Impregnated 
tung*ten  matrix  type  produced  the  beat  reault*  and  wa*  subsequently 
u«ed 

Ik  operation  on  a  vehicle  in  an  electromagnet  * bowed  nearly 
full  in*  antaneou*  bandwidth  at  peak  power  level#  of  700  to  kilo¬ 
watt#  at  a  pul*c  length  of  appro* Ima  t e l V  n*ec.  Thl*  vehicle  wa* 

subsequently  operated  at  *}  9  CHt  and  generated  l  megawatt  peak  power 
and  10  kilowatts  of  average  power 

Phase  measurements  were  performed  on  three  vehicle*  in  the 
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t  o  nrmotrmoy 

the  pufposs  of  this  !>(<>((*»  V4»  1 0  conduct  »  C-band  pha  ic  I 
att*f  r roa*ed= f le Id  Mfllfl't  program  So  deliver  a  lobe  SO  the  spec!* 
f  t  r  a  (  t  ani  of  fahlblt  *A*  of  I  he  program  contract,  which  are  ijmi  t#rd 
tn  figure  f  The  tube  la  a  broad  band,  high  peak  and  average  power 
output  C  *  band  amplifier,  which  la  So  be  df  operated  Vlth  tonlfO* 
electrode  turn  off  In  addition,  t He  amplifier  la  to  be  packaged  In 
a  10’  d  l  am  e  t  e  r  magnetically  ahleided  permanent  magnet  package 

Tbe  principle  of  dc  operation  and  control  electrode  turn  off 
vaa  firat  demon#  t  r  a  t  ed  at  L-1  and  on  *  IOC  kv  peak  pn>er  output  tube 
( $n>-  Xi*))  .  developed  under  Contract  Af  J0(  &5T )  ■  v">  j  3  It  Hat  alnce  been 
car  end  e  4  to  <  ub  e  a  ope  rat  l  ng  *  t  L*Hf  .  S'.  C  •  .  and  X  -  h  a  nd 

The  design  and  development  of  thla  tube  are  more  directly 
baaed  upon  the  result#  vblch  vere  obtained  on  a  prs>|r*a  conducted 
under  Contract  Ar  ■  #33  •  where  an  JE-band  100  kw  peak  power  out  • 

put.  broad  band  dc  operated  tube  was  developed  A  particularly  algnl* 
flcant  result  of  the  Jt-bsnd  work  was  the  development  of  a  new  alow 
wave  structure  for  broad  band  forward  wave  amplifiers  Thl*  new  *  t  rue  - 
lure,  the  hell#  coupled  vane  (MCV)  circuit,  has  demons t rat ed  bandwidth* 
In  e«"eat  of  the  preaent  IC^  requirements 

A  cathode  material  etudy  program  was  Initiated.  In  which 
several  material#  were  esamlned  for  their  suitability  for  use  In  the 
dc  operated  amplifier  The  material  studies  were  conducted  In  a  test 
vehicle  which  reproduced  the  current  density  and  peak  power  objectives 
of  this  program  Tests  on  an  Impregnated  tungsten  mat  r  l*  showed  this 
cathode  material  to  be  capable  of  opera! Ing  at  the  megawatt  peak  pover 
level  and  at  several  kilowatts  of  average  power  with  stable  operation 
Hatching  studies  on  the  HCV  circuit  have  resitted  In  a  very 
good  match  over  appro* Ima t e l v  l COO  Hit#  Tvo  versions  of  the  RCT  clr* 
cult  Have  been  studied  In  cold  test  and  are  Identified  as  Type  A  and 
Type  H  circuits  The  vehicles  withstood  the  dc  breakdown  test,  which 
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tcqulfc*  *  *ji  l*r  hold  off  of  kv  a  nd  a  hold  off  of  kv  for  a 
period  of  at  lr»*l  10  Rtnutn 

0<  o^rr*f  Ion  acaiarokrrtl  i  on  one  Vehicle  In  an  r  Irci  toal^nrt 
•hoved  nearly  full  In* Uni inreui  bandvfdth  at  peak  power  level*  of 
700  kv  (o  6*^0  kv  and  *\cragc  power*  of  ,  0  kv  to  ,  kv  at  a  pul*r 
Icoglh  of  appr  o*  lma  t  e  I  >  V  M*»c  Thl*  vehicle  v*i  subsequent  ly  operated 
•  l  Q  CMt  In  an  r  led  r (magnet  and  generated  I  Ww  peak  pover  and  10  kv 
average  pover 

The  Magnetic  circuit  employed  In  the  I  Inal  dr* l gn  I*  « 
Magnetically  thlrlded  package  vhere  there  la  little  or  no  external 
field  developed,  *o  that  tube*  may  be  stacked  In  c lo*e  proximity  to 
each  other  or  to  other  Magnetic  Material*  The  circuit  on* lilt  of 
permanent  Magnet*  placed  on  top  and  bottnc*  of  the  amplifier  and  the 
circuit  I*  enclosed  by  a  *oft  Iron  return  *hell, 

A  Magnetically  shielded  amplifier  va*  completed  but  va*  capable 
of  only  Mode* t  pover  output  (?00  kv  to  )Q0  kv  peak)  Indication*  vere 
that  the  cathode  va*  Improperly  positioned  In  the  Interaction  apace  and 
a  correction  could  not  be  Made  on  the  tube  before  the  program  fund* 
vere  expended  The  lube  nevertheless  verified  the  magnetic  circuit 
de* Ign 

fha*e  measurement  »  vere  performed  on  three  vehicle*  In  the 
program  These  result*  are  presented  In  « be  perfoman  e  section 
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?.0  DESCRIPTION 

Tho  typo  of  amplifier  selected  for  this  task  It  described  as 
a  reentrant  stream  forward  wave  amplifier  In  a  circular  format  which 
utilises  a  drift  apace  between  the  input  and  output  waveguide  terminals. 

reentrant  electron  stream  leads  to  operation  at  high  peak  power  with 
high  efficiency,  and  the  drift  space  between  Input  and  output  serve*  the 
purpose  of  removing  the  RF  inforemtlon  from  the  reentering  electron 
stream.  /  schematic  of  this  device  is  shown  in  Figure  It  consist* 

essentially  of  a  cylindrical  slow  wave  circuit  surrounding  a  circular 
cathode 

The  RF  drive  power  is  Introduced  through  a  ceramic  vacuum 
window  into  ri''»ed  waveguide  which  couples  the  energy  vie  impedance 
transformer!  to  the  slow  wav#  circuit.  As  the  wave  travel*  along  the 
alow  wave  circuit,  it  extracts  energy  from  a  rotating  electron  t  loud 
which  iwes  in  eynchronlem  with  the  phaee  velocity  of  the  wave  on  the 
alow  wava  circuit.  The  amplifier  signal  Is  extracted  In  the  aesse  way 
through  ridged  waveguide  and  la  passed  through  the  output  vacuum  window. 

The  slow  wava  circuit  used  la  known  as  a  haltx  coupled  vane 
(HCV)  circuit.  The  circuit  conalata  of  a  number  of  active  sections  where 
amplification  takaa  place,  and  a  number  of  non - prop# ga t Ing  sections  In 
a  drift  apace  where  demodulation  or  debunchlng  of  the  reentrant  electron 
stream  takas  plec*.  The  drift  space  also  provides  RF  Isolation  between 
the  input  and  output  terminals  of  the  slow  wave  circuit. 

The  eoutrol  electrode  is  mounted  on  the  cathode  assembly  and 
Is  located  In  the  drift  space.  The  control  electron  is  pulsed  positive 
wf th  respect  to  the  cathode  after  the  input  signal  Is  removed  and 
collects  the  reentering  space  charge  to  terminal  amp! I f Icat ion. 
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The  following  »*{(low  ••{  forth  the  order  of  the  dealgn 
procedure.  r#ra*et*ra  •  u<  h  «•  operatic  voltage  end  current,  benuvldth, 
affleleney,  »l«*  *id  v*l|ht  w*r*  e*#«lo*d  theoret  le* 1 1 y  In  *ome  length 
fO  **plor*  tradeoff*  In  the  dealgn  Having  fired  the  critical  dlmenaton* 
Of  the  Interaction  ittwcture,  a  complete  mechanical  dealgn  layout  we# 

•ado  Following  thia,  the  atudy  of  the  propertle*  of  the  a  lav  vave 
circuit  via  cold  teat*  could  begin 
1 . 1  The  Slow  Wave  Circuit 

From  the  operating  percenter*  *uch  *•  voltage,  current,  power 
output,  frequency,  bandwidth,  gain  ant  efficiency,  #  node!  *»>  eatabllahed 
for  the  dl*per*lon  character  1  *t  1c  v<  tch  would  he  resulted  «.o  reallte 
•  uch  performance.  Analyte*  of  the  HCV  circuit  wore  node  to  eatebllah 
critical  dlmenalona  *uch  a*  circuit  pitch,  circuit  length,  and  cathode 
diameter,  and  to  aelact  the  *lie  and  ahape  of  the  hetlcee  and  vanee. 

From  that#  analyae*,  nodal#  of  tha  circuit  can  he  made  to  confirm  or 
corre't  the  dlmrmaion*  aelected  hy  ament  of  cold  teat* 

Tha  cold  teat  work  Involved  the  dealgn  and  evaluation  of  two 
vtrilon*  ( Type  A  and  Type  l)  of  the  HCV  circuit.  The  general  configure  - 
t  Ion  of  tha  circuit,  ihwn  |n  Figure  I*  that  of  a  aerie*  of  vena* 
coupled  electrically  hy  a  pair  of  rectangular  hellcea,  one  on  each  aide 
Of  the  vine.  Electronic  Interaction  occur  *  between  the  cathode  and  the 
vane.  The  dealgn  of  the*#  circuit*  la  haaed  upon  the  per  form  nee 
obtained  on  tUe  I  -band  HCV  circuit  under  Contract  AF  loff*'*?)  -  V  '  1.  The 
C-bend  circuit*  have  been  tealed  down  In  frequency  and  up  In  peak  power 
and  vlll  provide  ilu  neceaaary  anode  area  for  average  power  dlaalpetlon. 

The  dlaperalon  curve*  for  the  Type  A  and  Type  g  HCV  circuit* 
war#  meatured  on  linear  o«»d*l*.  A  typical  linear  nodal  of  the  MO* 
circuit  ueed  on  the  prograu  U  ahowo  In  Figure  li.  The  two  dlaperalon 
curve*  are  ahevn  In  Figure  $.  It  can  b#  aeen  that  the  Type  I  circuit 
arvde  1  ha*  a  "flatter''  dlaperalon  (wee  more  dlaperalve)  than  the  Type  A 
circuit  model,  loth  model*  had  adequate  bandwidth  to  meet  the  operating 
bandwidth  requirement* 
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Circular  cold  teat  asodels  of  both  circuit*  ware  than  built  to 
further  confine  tholr  dispersion  and  interaction  lapedsnee  character  1 *t lc* . 

A  photograph  of  a  circular  cold  teat  model  la  ahovn  In  Figure  6.  The 
Input  and  output  coupling  porta  can  be  aeen  on  either  aide  of  the  aolld 
drift  apace  portion  of  the  circuit.  The  dlaparaion  curvet  were  a* 
predicted  bv  the  linear  a^dela.  Interaction  impedsneo  eaituraaent i  were 
wide  on  <oth  HCV  circuit*.  The**  awiiureaenfi  war*  a**d*  using  dielectric 
perturbation  of  tha  electric  field*.  The  resu't*  *how  that  the  interaction 
impedance  of  the  Type  «  circuit  I*  higher  than  that  of  the  Type  A  circuit. 

A  part  of  thia  increase  In  Impedance  la  due  to  the  "flatter*'  dieperalon 
curve  of  the  Type  B  circuit.  The  interaction  Inpedanca  of  •  circuit  la 
lnvaraeiy  proportional  tp  It*  group  velocity  and  the  group  velocity  le 
given  by  the  elope  of  the  dlaparaion  curve.  A  more  significant  portion 
of  the  increased  Impedance  ia  due  to  the  different  distribution  of  gf 
energy  on  the  Type  I  circuit  resulting  fro*  it*  dlcsenslonel  configuration. 

3.2  I^edence  Hatching 

Cold  teat  work  we*  successful  In  establishing  that  the  dispersion 
curve  of  the  circuit  modete  wee  correct  as  far  a*  could  be  determined  pt lor 
to  the  evaluation  of  the  circuit  on  hot  teat  Since  our  plan  was  to  incur* 
porete  the  Type  A  circuit  Into  the  flrat  vehicle  scheduled  for  hot  teat, 
the  matching  effort  on  that  circuit  wee  given  priority.  The  selection  of 
the  Type  A  circuit  wee  baaed  upon  its  being  lee*  dispersive  then  the  Type  B 
circuit  end  Ite  interaction  Impedance  wes  believed  to  be  adequate  for  our  goal* 

The  flrat  hot  teat  vehicle,  designated  we*  assembled  before 

matching  studies  had  been  coexisted  In  order  to  ask#  a  preliminary  rvslu- 
etion  of  the  electronic  design  of  tha  amplifier.  The  circuit  natch  for 
C25H  le  shown  In  Figure  7  end  shows  that  the  circuit  l*  usable  only  ower 
the  lower  portion  of  the  required  operating  band.  Imp r  verne  0! *  were  mads 
in  the  circuit  match  follovlt*  tha  construction  of 

The  l  up  roved  Type  A  circuit  match  yielded  a  return  Use  curve 
shown  in  Figure  The  measurement  shows  the  combined  reflection  from 
both  input  and  output  circuit  matches  These  data  show  an  average 
return  Iom  of  approtlmetely  15  db  over  tore  than  1C0Q  HHt .  This  type 
of  match  character let lc  was  felt  to  b#  fulte  sat lefec tory .  These 
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r«ault«,  coupled  with  acceptable  hot  teat  reaulta  subsequent I y  obtained 
with  the  Type  A  circuit,  led  to  the  repatriation  of  match!  r*r  effort*  vllh 
the  Type  B  circuit , 

The  aecond  teat  vehicle,  designated  IVH,  vaa  built  Incorporating 
the  I  ■proved  match  The  return  toaa  reaulta  were  almllar  to  thoae  shown 
1b  Figure  H,  i.e.,  an  average  return  loaa  of  15  db  over  approximately  a 
I.?  (Mi  hand .  Theae  data  alao  show. ml  natch  contribution*  of  both  Input 
end  output  and  Include  the  effect*  of  a  full  length  circuit. 

The  third  teat  vehicle,  designated  was  built  by  an  wuist-te 

vendor  with  the  Intention  of  developing  another  source  for  the  aradee 
The  vendor's  Inexperience  in  this  type  of  work  resulted  In  an  arwd*  that 
wee  not  structurally  perfect.  The  overall  result  was  a  natch  that  wa* 
considered  ueebl#  but  slightly  Inferior  In  comparison  to  the  other 
vehicle*.  The  natch  la  shown  In  Figure  9.  The  first  hot  test  vehicle, 
wee  rebuilt  to  incorporate  the  Improved  match  and  the  return  losa 
result*  ere  ehown  la  Figure  10. 

The  final  design  hot  test  vehicle,  C15I.  we*  built  with  Input 
end  output  waveguides  bent  to  permit  them  to  be  enclosed  by  the  magnetic 
circuit.  Initial  match  results  for  this  vehicle  ere  shown  In  Figure  11. 
Leter  much  date  obtained  on  the  vehicle  just  prior  to  hot  test  *id 
ehown  In  Figure  I?  ere  poorer  »han  the  initial  result*.  We  suspect  that 
the  circuit  may  have  been  slightly  damaged  during  assembly,  since  normal 
hand l lag  doe#  net  produce  such  pronounced  changes  Ip  the  match 
3.3  Cathode  Material  Studies 

A  program  vs*  initiated  in  which  «ever*l  mtterlal*  were 
examined  for  their  suitability  for  use  In  the  dc  operated  high  power 
crossed* field  amplifier  A  nuafcer  of  studies  have  been  made  in  the 
past  to  examine  materials  for  their  secondary  emission  properties, 
however,  It  Is  felt  that  the  result*  obtained  are  only  useful  in 
cataloging  these  materials.  Experience  Has  shown  that  the  results 
brained  from  carefully  controlled  secondary  emission  testa  do  not 
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necessarily  indicate  hov  the  material  will  behave  in  the  actual  operating 
environment  of  a  crossed- f lc Id  amplifier.  It  was  felt  necessary  that 
the  materiala  to  be  Investigated  be  atudied  in  an  environment  which 
duplicates  the  conditions  expected  in  the  final  design.  The  tinal 
amplifier  design  must  be  capable  of  operation  at  high  peak  and  high 
average  power  a imu l t aneous ly  during  a  relatively  long  pulse. 

To  obtain  such  information  on  cathode  materials,  a  program 
was  planned  which  utilises  a  high  power  backward  wave  amplifier  as  th* 
test  vehicle.  The  vehicle  used  was  the  SFD-?3l  C-band  amplifier  which 
operates  with  a  10  nsec  pulse  and  delivers  peak  powers  in  excess  of 
l  Hw  with  average  powers  In  excess  of  3.5  kv.  The  test  vehicle  was 
rebuilt  several  times  so  that  the  materials  investigated  were  tested 
and  compared  with  the  least  re-jsr  of  variables. 

It  should  be  pointed  out  that  a  cathode  material  that  is 
suitable  for  operation  In  a  cathode  pulsed  tube  Is  not  necessarily 
usable  In  an  RF  pulsed  tube  (which  has  a  dc  voltage  applied),  because 
the  tatter  cannot  operate  satisfactorily  If  the  cathode  emits  therml- 
onicelly.  The  cathode  sMterlel  suitable  for  use  In  a  high  power 
crossed-? laid  amplifier  utilising  dc  operation  should  Ideally  have  the 
following  characteristics: 

l.  A  relatively  high  secondary  emission  ratio  (b)  at  low  beck 
bombardment  energy  levels  for  ease  of  startling;  should  be 
high  enough  so  that  starting  delays  do  not  exceed  two  or 
three  electron  trenslta  around  the  tube; 

?.  the  second  unity  crossover  of  the  secondary  emission  charee- 
terlstlc  should  occur  at  relatively  high  beck  bombardment 
energy  levels  for  high  peek  power  operation; 

1.  tbe  surface  of  the  secondary  emitting  material  should  be 
stable  and  Insensitive  to  breakdown  during  electron 
bombardment ; 

k,  the  thermionic  emission  from  the  cathode  during  tha  inter¬ 
pul**  period  should  be  mlnlsum  even  at  slightly  elevated 
temperature. 
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Th*  ten  procedure  vs*  designed  to  indicate  the  limit*  on 
emptifler  operation  Imposed  by  th#  cathode  M(«rl*l.  TH®  procedure  Ve* 
to  first  fvllmtf  th#  Hitwa  current  boundary  during  high  power  operation 
■  t  f*tll  puis#  width  st  three  frequencies  covering  the  band  of  operation. 
Th*  cathode  material  was  then  further  evaluated  by  operation  at  high 
P**k  pov«r  and  low  average  power,  while  keeping  the  cathode  temperature 
v*ry  low.  Observations  have  indicated  that  under  this  type  of  operating 
condition  the  cathode  surface  can  readily  be  atripped  of  es»it(<r« 
material  or  may  be  contaailnated.  With  thoriated  tungsten  or  barium 
cathodes,  the  emitting  material  on  the  surface  can  be 
replenished  by  operation  *t  elevated  temperature  However,  the  high 
temperature  «leo  produces  thermionic  emission  which  cannot  be  tolerated. 

r'n#  meter. al  tested  was  a  tungsten  matrir  impregnated  with  a 
herttas  compound.  Thla  material  is  used  where  primary  emission  must  be 
e  minima.  The  initial  results  Indicetsd  that  this  material  was  capable 
of  supplying  the  necessary  cathode  current  at  full  operating  conditions 
with  c  it  Sod  a  temperature  maintained  at  less  than  WC.  The  vehicle 
we#  operated  at  peek  powers  well  In  exceas  of  l  Hw  at  everag#  power 
output  in  oxcee*  of  5.5  kv  with  a  77  usee  puls*  length.  The  cathode 
did  not  exhibit  any  instabilities  efter  It  had  aged  during  the  first 
half  hour  of  operation.  The  life  capability  test  did  not  indicate  any 
changes  In  emission  under  th#  most  severe  operetta  conditions.  Past 
experience  had  shown  that  some  forms  of  bsritm  impregnated  cathode* 
fail  after  only  on#  or  two  hours  of  operation  under  these  condition*. 

Th*  testa  wars  sufficiently  Informative  to  suggest  the  uee  of  this 
material  in  tha  flrat  hot  test  vehicle.  A  continuation  of  evaluations 
In  the  ffO-231  wee  therefore  felt  to  be  of  limited  value.  The  cathode 
material  atudlas  would,  of  course,  be  resumed  If  tests  on  the  nrogrem’s 
dc  operated  amplifiers  indicated  eny  serious  cathode  deficiencies. 
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Thr«<s  element*  of  the  amplifier  require  cooling'  the  anode 
(»lov  vmve  circuit/,  the  cathode,  and  the  output  ceraalc  window.  The 
arruje  art1  output  vltvJov  can  be  cooled  in  e  relatively  a t  re  1  ght  forwa  rd 
•tan-vor  The  cathode,  which  operate*  at  high  voltage,  require*  additional 
eon* I  dor* t Ion  In  it*  cooling  because  the  cooling  *pec i f Icat Ion  requlrea 
that  tne  coolant  be  at  ground  potential  and  that  there  be  one  Input  and 
one  output  coolant  connection.  Th ' *  ia  accomplished  by  using  a  high 
rc*i*tivity  coolant  and  a  closed  loa'p  recirculating  ayitn  with  a  heat 
eachanger  The  input  and  output  coolant  connect  Iona  are  at  ground 
potent  lal 

The  input  water  enter*  the  package  at  ground  potential  and 
goe*  to  the  output  window.  The  water  leave*  the  output  window  and  ia 
connected  to  the  cathode  through  inaulated  tubing  long  enough  to  provide 
inaulttlon  fro*  the  cathode  potential  with  a  Minimum  of  leakage  current 
through  the  tubing  and  the  column  ol  coolant.  The  coolant  then  com* 

In  direct  contact  with  the  control  electrode  and  cathode  to  provide  for 
efficient  heal  t  ran*  far  enJ  greater  thera*al  capabilitiaa.  The  coolant 
leave*  the  cathode  aaaeably  through  another  Inaulated  tubing,  a lal l a r 
to  that  entering  the  cathode,  and  enter*  the  anode  block.  The  coolant, 
now  at  ground  potential,  leave*  the  anode  block  and  emerge*  fro*  the 
package 

A  flow  rate  of  gel/ain  at  p*i  preaaure  drop  waa 
adequate  for  the  amplifier  and  held  the  bulk  temperature  rlae  of  the 
coolant  to  appro* imately  y  *C  at  the  10  kv  average  power  output  level. 

> , *>  ftagrmttc  Circuit 

TH*  progre*  require*  that  the  tuV  delivered  be  packaged  in 
a  r  aatlem  diameter  shielded  structure  The  baalc  package  dtaign  ia 
«hown  in  figure  13. 

The  magnet*  u*ed  in  thi*  trpe  of  conf iguret ion  are  cylindrical 
and  abut  the  amplifier  body  lt*elf  on  each  aide.  Th#  return  path  for 
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lh«  f  1  ms  Is  provided  by  naan*  of  a  soft  Iron  shell  which  surrounds  the 
entire  «s»e»My.  The  design  of  the  nagnet  ar*J  shielding  shell  Is  such 
thst  leakage  flus  adjacent  to  the  shielding  shell  Is  snail  enough  to 
permit  step  lifters  to  be  operated  adjacent  to  each  other  without  causing 
Mutual  Interference 

To  evaluate  various  Magnetic  geoMetrles,  e  Magnetic  cold 
tester  was  designed.  The  Magnetic  wrerUt  planned  for  the  package  la 
Alnico  V-*.  This  «Mgn»t  Ic  Material  was  chosen  as  on#  which  ha#  sufficient 
coercive  force  and  flus  density  capability  to  drive  the  air  gap  required 
whlls  at  the  MSS  4  I  Me  will  be  quite  readily  available  f  tom  store  than 
one  supplier. 

The  first  teat  structure  resulted  In  a  package  which  wa# 

In  dleMeter  and  appro*  Istat  e  ly  ri"  long,  and  Is  shown  In  flgute  Ik.  The 
particular  Magnets  chosen  were  adequate  to  provide  the  required  flu* 
density  In  the  gap,  but  at  the  ■«**  tine  were  not  adequate  to  supply 
the  leakage  flu*  to  the  shielding  shell  which  resulted  froM  the  geovatry 
chosen  This  leakage  flu*  routed  the  siagnet  Materiel  to  work  it  e  higher 
flu*  density  than  anticipated  and  revolted  in  e  lower  coercive  force 
with  which  to  drive  the  gap.  This,  in  turn,  resulted  In  e  lower  Msg'att 
field  In  the  gap  then  wea  required. 

After  eafensive  effort  to  raise  the  field  level  In  the  gap 
wa*  not  successful,  the  only  alternative  left  was  a  larger  dleMeter 
shell,  1 .  e , ,  a  If?"  outer  dleaaeter  shell,  in  order  to  reduce  the  Mount 
of  leakage  flu*  and  permit  the  Magnets  to  operate  with  e  higher  coercive 
force . 

The  larger  dltwnr  shell  was  evaluated  and  the  required  field 
was  obtained.  The  Magnet  1c  field  In  the  gep  la  k,T*X)  gauss  to  gaua*. 
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*.<  rtva  in  Hraiur  r»rnl  » 

The  phase  aMiufc«cfi;i  v*rc  Mjt  using  a  null  detect  ton  method 
shown  ichnai  Ice  l  ly  In  figure  lb.  The  wuitirMant  begin*  by  balan-ltgr 
the  phase  bridge  (adjusting  It  for  a  null)  using  the  precision  alternator 
(H)  and  the  phase  shifter  ' C) .  The  null  Is  observed  on  an  oscilloscope 
vhlch  display*  detected  power  output  of  the  bridge  a*  a  function  of  t 1 & 
tor  the  pulse  length  of  Interest.  Th|*  Initial  balance  |*  obtained  with 
the  aegiltfler  operating  under  •  prescribed  set  of  conditions.  THe 
Measurement  proceed*  by  tuning  the  fu>e  (chatting  the  gy  drive  frequency) 
across  the  operating  band  In  a  sufficient  tud»r  of  frequency  Increments 
to  Insure  the  desire'  accuracy.  THe  amount  of  phase  shift  for  each 
Increment  l«  read  directly  from  the  phase  shifter  after  each  null  la 
obtained.  The  precision  attenuator*  which  are  set  Initially  to  balance 
the  "T*  need  not  be  changed  after  the  initial  setting  since  the  small 
amplitude  varlat Ions  observed  o\  *r  the  band  do  not  upset  the  accuracy 
of  the  sseasureount . 

The  components  of  the  phase  bridge  are  carefully  selected 
that  Is,  high  directivity  directional  couplers,  low  VWX  attenuator*, 
etc.)  to  reduce  the  possibility  of  other  Measurement  errors. 

Jtormslty,  the  deviation  from  linearity  I#  obtained  by  plotting 
the  Measured  ehase  versus  frequency  character  1st Ic ,  by  drawl ng  the  beat 
straight  line  through  the  point*,  and  by  observing  the  peak  deviations 
which  occur.  The  use  of  a  straight  line  #•  a  reference  from  which  to 
observe  the  deviation*  Is  valid  for  only  certain  conditions,  because 
of  the  measuring  system  used  here  and  the  relatively  large  bandwidth 
over  which  the  smasurament  I*  nede,  an  allowance  must  be  made  for 
curvature  In  the  dispersion  character { st les  of  the  waveguide. 

Curvature  due  to  the  dispersion  characteristic  of  the 
waveguide  can  be  avoided  by  Inserting  egva I  length*  of  waveguide  In 
both  arms  of  the  bridge.  To  do  so  samtd  result  In  a  very  high  rate  of 
change  of  phase  versus  frequency  In  the  output  of  the  bridge  because 
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th«  (Uerrieit  length  of  the  awpllfler  under  test  Mike*  one  of  the  bridge 
arm*  much  linger  then  '.He  other.  TH  l  *  we*  felt  to  be  a  p  rub  lew  since 
frequency  Iwreaent*  would  heve  to  be  chosen  such  that  the  Increvnte! 
phase  ahift  would  be  le*a  then  lf*0*  to  avoid  awbiguity  in  the  phase 
ah l f ter  readout.  In  addition,  the  total  variation  in  pheae  t  eadit*  fro** 
one  and  of  the  band  to  the  other  would  aeount  to  approximately  tfkXf  and 
thia  would  prevent  a  atra  Ight  forward  display  of  data.  One  mold,  of 
courae,  subtract  a  straight  line  function  fro**  the  Measured  reaulta  ;o 
cowpensste  for  thia.  The  Method  choaen  ia  deacribed  *  alow. 

A  length  of  wweguide  ia  added  to  the  input  era  of  the  bridge 
aueh  that  it*  length  and  dtaperaion  wilt  create  for  the  input  an* 
epproaiaetely  the  a***  rate  of  change  of  phaae  with  freque  -  •  a*  the 
eaptifier,  with  it*  electrical  length  and  dtaperaion,  would  produce  in 
the  output  era  of  the  bridge.  Thia  lead*  to  our  having  unequal  aaounta 
of  waveguide  in  the  a  nee  of  the  bridge.  If  one  eceuaed  that  the 
eagpl  if  ier  on  teec  were  perfectly  linear,  the  output  of  the  bridge  arranged 
in  thia  way  would  not  be  a  atraight  line,  but  armld  have  curvature  caoeed 
by  the  waveguide  dtaperaion  cherecterl at ic.  The  peak  deviation  of  thia 
curved  atenderd  ha  a  been  calculated  to  be  appro*  iaaate !  /  6*  f  row  a 
atraight  line. 

Additional  contribution  to  curvature  vaa  pravloualy  encountered . 
It  we*  caaaed  by  the  uae  of  aowe  wweguide  cowponem*  in  one  an*  of  the 
bridg*  (precision  attenuators  and  phaae  ehifter)  wade  with  aaial  Ier  • !  r  td 
wweguide  which  la  nore  dlaperatve  In  the  frequency  region  In  which  It 
we*  being  used  than  norwal  C-band  wweguide.  Thia  vs*  subsequently 
corrected  by  eddtng  equal  lengths  of  the  sews  type  of  wweguide  to  the 
other  bridge  *rw.  We  feel  the  only  contributor  to  curvature  w  la  the 
difference  la  length  of  C-bend  waveguide  la  each  am. 

The  wnatured  data  are  then  cowpared  with  the  curved  itandard 
of  the  brtdge.  The  rerulta  plotted  et  dwletiona  fro*  the  linearity 
•re  shewn  for  three  vehicles  ia  figures  16,  17,  and  Ifl.  Jtetb  ope  rat  it* 


27 


Frequency  -  CHi 


PICURI  1/  DEVIATION  FXOK  LIKEARtTY,  TUK  GZ'H-4 


NIm  width  •  2}  ^H( 

Duty  eye  1#  «  0.005 
Anod«  **  36  .)  kt 

II  drlv*  pow* r  «*  JfJ  trw 
fwt  output  •  3^0-400  lv 


S'F'D  laboratorui,  me. 


«rvd  non-operating  phaaa  data  are  «hovn  in  th«  figurae. 

Ttie  data  reveal  a  diatinct  pariodlcity.  Tha  periodicity  could 
ari»e  fro*  three  poaelble  aource*  in  the  aaqtllfitr; 

l  Multiple  reflection.  cauaed  by  circuit  *la**tchea; 

•  l«»- 1 ronic  feedback  fro*  output  to  input  through  the  drift 
region,  or 

*T  feedback  fro*  output  to  input  becauae  of  RT  circuit 
coupling  through  the  drift  apace, 

Multiple  reflect iona  fro*  circuit  •iematchea  would  produce  a 
periodicity  in  the  aeaaured  data  conreapondlng  with  the  frequency  interval 
required  to  change  the  electrical  length  of  the  e«plifiar  by  l60* . 
Electronic  feedback  and  RT  feedback  would  produce  the  periodicity 
correapondi ng  with  the  frequency  interval  required  to  change  the 
electrical  length  of  the  tube  by  *0* .  Circuit  *lee«tch  effect#, 
therefore,  would  produce  tviee  the  nwber  of  ripple,  over  the  frequency 
band  aa  would  electronic  or  RT  feedback.  The  periodicity  meeured 
correaponda  with  either  electronic  or  if  feedback.  Sow  fine  etructure 

appear,  on  theae  date  which  we  believe  la  related  to  circuit  *le«aeteh 
effect*. 

The  ripp'e  in  the  date  la  believed  to  be  JLF  feedback  and  not 
electronic  feedback  fro*  the  following  argument:  the  periodicity  la  firet 
of  all  ob.arved  on  a  non-cper.t Ing  tube.  If,  fro*  theae  date,  one 
calculated  the  circuit  insertion  loea  of  the  drift  apace,  one  can 
predict  the  effect,  of  fcf  feedback  in  an  operating  tube  accordl.*  to  ite 
Iwel  of  gain.  Such  a  calculation  waa  a*  do  are!  a  aubae^uent  exper laarnt 
confirmed  that  tha  eaplltude  of  the  ripple  obaerved  waa  e  function  of 
the  gain  at  which  the  amplifier  op^r»t*d  and  that  thart  waa  a  reeaonable 
•  greewnt  batwean  predicted  and  ee.auiad  level,.  W«  would  hava  expected, 

If  both  W  and  alactronlc  faadback  wera  praaant,  to  ba  abla  to  account 
In  thla  way  for  only  a  portion  of  tha  evplltude  of  tha  ripple,  Our 
calculation.  now  account  for  nearly  ,11  of  the  a«plituda  of  tha  rippla, 
and  we  tharafora  ba  1  lava  tha  affect  to  be  or*,  ef  U  feedback 
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Th«  prediction  of  RF  feedback  effect*  1*  shown  In  Figure  19. 

It  v#  add  to  a  vector  representing  the  RF  Input  voltege  to  the  aMpUfter 
another  vector  representing  RF  feedback,  we  can  con.trx.ct  *  vector 
dlagraa  aa  ahovn  In  the  figure.  The  amplitude  of  the  sddsd  vector  U 
a  function  of  K,  the  gain  of  the  amplifier,  and  ct.  the  laolatlon  or 
attenuation  of  the  drift  taction  from  output  to  Input.  For  fl*ed  g«in 
and  laolatlon,  the  phase  of  the  added  vector  with  respect  to  the  RF 
Input  voltage  uiU  change  contlnuoualy  with  frequency  so  that  the  added 
vector  vltl  appear  to  rotate  ebout  the  tip  of  the  RF  voltage  vector. 

The  Mxlaa  pheee  deviation  produced  can  be  obtained  directly  as 

6  -  Sin* 1  a F 

If  v*  as  suae  that  the  ripple  la  caused  by  RF  feedback,  ve  obtain  0  and 
A  froa  measurement  s  on  a  non-operating  amplifier  (in  vhlch  there  cannot 
be  electronic  feedback  effecta)  and  calculate  a.  By  then  assigning  to 
K  value*  which  It  vltl  have  during  operation,  ve  can  predict  what  the 
effect  ahould  be  In  an  operating  amplifier  (R  for  a  twn-operetlgg 
eapllfler  1*  the  Insertion  lot*  of  the  eapltfier). 

Tht  deviation*  aeaaured  on  the  vehlclea  agreed  closely  with 
tU*  theory.  Ac  a  result  of  our  measurement*,  it  appesr*  clear  that 
further  effort  1*  required  to  Increeae  tha  circuit  isolation  between 
output  and  input  through  the  drift  apece.  This  msy  be  done  by  phy*lcatly 
a. taring  the  match  sections  to  the  amplifier  to  reduce  their  eoupllr*  to 
the  drift  region  and/or  by  introducing  additional  loaa  In  the  drift 
section. 
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b.O  fiy*HAHCE 

The  first  SFO-?3 7  vehicle*  to  undergo  hot  teat  were  wdi  with 
e  mechanical  design  which,  with  one  exception,  permits  It  to  be  met) 
directly  In  the  ahlelded  permanent  magnet  assembly,  The  one  exception 
le  thet  the  Input  end  output  waveguide*  were  left  emerging  radially 
from  the  tube,  wherea*  in  the  final  package  dealgn  the  waveguide*  were 

bent  along  the  cathode  axl*  to  emerge  axially  from  the  package. 

Teat  procedure*  for  the  SFD-?3 7  were  developed  and  are  described 
in  Appendix  I 

The  first  test  vehicle  utilised  a  Type  A  alow  wave  circuit, 
loch  anode  and  cathode  assemblies  were  liquid  cooled,  a*  ws*  the  output 
ceremic  window.  Ko  control  electrod*  was  employed  since  only  pulse 
modulated  teats  war#  planned  for  this  vehicle.  Testa  conducted  on  the 
first  vehicle  used  a  tin*  type  pulsed  modulator. 

The  taats  on  the  first  vehicle,  daaignated  showed  that 

Che  Cube  drew  current  at  a  low  voltage.  This  voltage  was  too  tow  for 

the  magnetic  field  Intensity  used,  and  it  was  found  to  be  caused  by 
operation  In  a  bant'  edge  oscillation.  Efforts  to  obtain  elgnal  ampli¬ 
fication  were  not  iiucceasfut  because  of  the  band  edge  oscillation  and 
no  other  17  duty  could  be  obtained . 

the  tuba  was  rebuilt  and  daaignated  C,5H- t .  A  change  in  the 
and  hat  geometry  was  made  In  an  attempt  to  combat  th*  band  edge  oscil¬ 
lation.  Ho  signal  ampllf Icatlon  could  be  obtained  because  of  the  band 
edge  oaci llation  which  was  present,  but  the  noticable  offset  of  the 
change  was  Chat  th*  amplifier  would  operate  to  higher  peak  current 
level*  In  tha  band  edge  before  arcing  out. 

The  as^iltfter  wee  rebuilt  again  end  wee  designated 
Th*  design  wee  modified  to  change  the  drift  spec*  geometry  on  the  cathode 
subassembly  in  the  are*  which  would  later  be  occupied  by  the  control 
electrode  In  the  design,  for  tha  first  time  it  was  possible  to  observe 
signal  amplification,  but  ail  data  which  could  be  obtained  showed  th* 
output  still  te  be  heavily  contaminated  by  band  adga  Interference 
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The  amplifier  wa.  rebuilt  and  de.  Ignat  ed  C-^t-1.  The  dealgn 
w.e  -Rifled  once  «r.  end  the  anode-c.thoda  .pacing  we.  Incree.ed  by 

l0i-  ™*  de,,“tn  cK-n*a'  coupled  with  the  two  other,  which  h.d  previously 
been  wide,  had  a  .Ignlflcant  effect  on  MI  performance,  for  the  flr.t 
ti"“*  cU*n  W  ••pi  1  fleet  Ion  wa.  ob.erv.d.  The  performance  of  thl. 
vehicle  1.  .Sown  In  figure  *>.  Amplification  we.  obtained  over  approxl- 
«l*ty  «  **  HJl«  band  with  constant  appU^j  pul,.  voltage  of  approximately 
?6  kv.  Peak  output  power  level,  ranged  from  approximately  900  kv  to 

'35  ***  EfflCl#OCl*'  Mn«^  fro*  I®  upper  50*.  Operat  Ion  .t 

f requanc lea  higher  than  5.6  ai*  wa.  not  po.elble  b.c.u.e  of  the  onaet 

of  band  edge  contamination  which  re.ult.d  fro.  the  In-band  ml.rn.tche. 

I"  th*  tub#  Fl«ur«  B)-  -re  obtained  at  a  pul.e  l.^th  of 

18  uaec  and,  in  order  to  eliminate  poa.lble  average  power  problem,  at 
thl.  early  .tag.,  at  a  duty  factor  of  0.000*5. 

Tube  C75H-3  developed  a  high  Internal  ga.  pre..ure  which  wa. 
found  not  to  be  a  leak.  The  tube  we.  opened  and  It  wa.  confirmed  that 

there  wa.  no  leak;  It  wa.  alec  examined  and  no  phy.lcl  damage  wa.  found. 
The  tube  wa.  re.ealed  and  pimped  a.  C^.*.  R,for.  pr0c,^lnf  wIth  „ 

operating  ta.ta,  the  vehicle  wa.  u.ed  to  e.tabll.h  the  dc  hold  off 
propert le.  of  the  etructure  being  u.ed.  The  vehicle  with  full  magnetic 
ft. Id  and  no  Rf  drive  power  applied  wlth.tood  voltage,  a.  high  a.  35  kv. 
After  reaching  that  point,  the  tube  wa.  held  In  a  non-operat  It*  condition 
•t  V  kv  for  30  minute,  without  arcing.  Thl.  te.t  wa.  conaldered  .dequate 

to  permit  the  pre.ent  de.lgn  to  be  u.ed  for  the  flr.t  control  electrode 
te.t  vehicle. 


Tube  G^H-k  was  put  on  Rf  te.t  again  and  data  which  were 
obtained  confirmed  the  previously  obtained  data  for  tube  C25H-3.  High 
interna l  g«.  pre.iure,  however,  again  developed  and  when  the  tube  wa. 
opened  f?r  inspection,  «  cracked  ceremlc  aupport  wee  four*!  on  the 
cathode  eubeaaembly  which  Indicated  overheat It*. 

The  aac^nd  te.t  vehicle  wa.  already  under  construct  Ion.  Thla 
vehicle  Incorporated  e  control  electrode.  It  had  a  Type  A  .tow  wave 
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circuit  l  ntorpor  « ?  i ng  the  match  ahovn  In  Figure  1.  The  teconl  (eat 
vehicle  va#  orlgtnalty  to  have  the  nw  t  ype  of  cathode  and  the  cane 
cathode  geometry  m  vaa  u*ed  in  tubes  C/’H-l  *  O')  C-”''  H  -  *> ,  but  the  evidence 
of  the  (hepui  inadequac  lea  of  that  deaign  and  certain  problems  associ¬ 
ated  vith  the  fabrication  of  the  auba  aaeaafc  ly  dictated  a  chance  In  the 
cat  hod v  deaign, 

Several  cathode  aaarat  ly  de • i  gn  c  h*  nge  *  varo  carried  Out 
THeae  had  to  do  aaint)i  with  the  thermal  C*(wiHIHt  of  the  atmtura. 

The  control  electrode  portion  of  the  aid>e  a  e ref' l y  ha*  been  designed  eo 
that  It  vi l l  function  wore  reliably  both  electrically  and  mechanic# t 1 y . 
Improved  coolant  contact  vith  both  the  cathrde  end  the  control  electrode 
vi t t  account  for  an«t  of  the  thermal  capability  Increase  of  the  nev 
cathode  design. 

The  original  cathcde  assembly  deaign  vea  predicated  on  e 
desirable  but  not  mandator?  condition  that  cathode  coolant  doe a  tot 
contect  any  portion  of  the  eeeemMy  at  high  potential,  ’’hi*  reeulted 
in  a  cathoda  deaign  vhlch  retied  upon  the  conduction  of  cathode  dtast- 
pation  powr  to  the  coolant  through  an  Inaulatlng  ceramic.  Th l a  proved 
to  be  en  undealrable  and  unnecessary  complication.  The  erptlfiar,  vhen 
contained  In  the  system,  vill  uae  a  coolant  which  h  •  a  aufflciently 
high  realatlvlty  ao  that  the  packaged  amplifier  can  be  built  aa  required 
vith  only  two  coolant  connect  Iona,  both  of  vhich  vill  be  at  ground 
potential.  The  nev  cathode  deaign  therefore  la  aoch  that  the  coolant 
it  in  contact  with  high  potential  Internally  but  provlaion  vea  aa ade 
In  the  package  deaign  to  Incorporate  the  necessary  inaulatlng  coolant 
column  Internal  to  the  package, 

Thi  aacond  teat  vehicle,  IVH,  vea  initially  operated  on  the 
putted  teat  tel.  The  cathode  and  control  electrode  vere  connected 
eaternally.  The  tubs  operated  at  peak  pwer  level#  of  !TJO  kv  to  TOO  kv 
at  a  duty  cycle  of  O.tXJl.  It  vat  observed  that  the  end  halt  vere  visibly 
hot,  Th«  vehicle  v* •  transferred  to  the  dc  teit  tel ,  but  w»  #al lufactorp 


V 


S'F'D  Ubornion—,  uvr 


t»(ot«it(«a  mi  okutMl,  I?  v**  4kU«J  t«  r«*«JlU  (1»*  t«M  vlih 
*"4  Mt  coolt*.  TM.  mi  •tto^U.W  fcy  l*r*- .In*  fM 
(MitKt  ir<(  #n4  Ml*  t.(ho4.  *M«A,  I,.  ,  •<v'* r I n* 

I H*  rent  lMy4>nc»  TM  1>4k  »••  r*Mllt  •*  IVW*l.  £>p«r*llen  ef  t M 
okt  mi  *lltt  not  **lt*f*cUry,  *tlM«**i  «**■  l ^»r «">■**«»  «•  **M*rv*4 
In  ***  K«(  (Mill*.  TM  l«*r*w»4  cent  If*  .llwl  t**l*4  .(  •  <**It 
c>-.*  «f  0.00}  Mfer*  lM  Ml*  Mcm  vUIMy  Hal  TM  tew  povmt 
eeftfltlen*  of  ?0O  W  to  300  *v  <*t«if«*4  v«r*  M*  l*  •  y**k  mrr*fK  ll*lt 
of  «ffr**tM(«ty  t5  mm?*,  *Mr*  vM«*i  lM  *i*llfl*r  vwil4  rwl  r*t  •  t « 

TM  IkttfMtlM  o%t«t»*4  free.  U.H-1  **•  »•••<  »•  tM  <*•!*• 

•  f  tM  iMr4  t**t  e*M«t*.  4*.lrw*i*4  JV5*.  With  .  fwriMr 

t«  lM  *«4  MC  (MllK  by  l«cr«*lf*  CM  »m!  Ml  t«  cilMi  *M*A  c«M*t*ct 
iru  «*l  •  <M**«  In  IM  latirml  t**m*tTy  «• 

Mitftra  M{M't(  f 1*14,  |M  vttiKI*  Ml  4c  *f-*r*f w  t«  yni  rawer  l***l* 

•  f  WOO  trw  t*  500  M  *cro«*  lM  U***»  wtlti  •  *f  •  ffteUixy 

TM  MU  are  *how»  l*  Filter*  Ft.  TM  rr»T»ge  r«r*r  ©*ty*t 

«t«iT  f.5  b*  with  •  i«*ifc  *f  J?  »*•*«.  «*•*•  <*«*  ****  ***** 

•«  tM  ntilcti  I«l  «r*  fr»H«<»4  Ik  Fl|*rr  ?P.  TM  yM»#  4*t*  jrl#l4*4 

•  4«vl*tl*«  tvm  U***rlly  eMrli  *••  »«■»,*•<  i*4  ty  Ur**.  Till*  I* 
•■fl*ta*4  In  lM  MCttM  •«  fM**  ■MIMMWII. 

fertMr  (Mill*  it  *M  iryf* r  **4  #f  lM  Mn4  yr**4»c*4  »•  wtk 
l«  75)  b  *(  yn*k  r*v*f  —  4<  ellli  •  •  wr***  ymr  Mtr*<  ®t  w 
At  lM*  *ir*r*R«  f«w*r  trr*t,  w»  •t««lfl<a*K  **•  yr**wr»  *r  *M  Ml 
t«ar*r*tvn.  mi  «mi«4.  TM  fee  l  Mr  l^m*4  •**<  Ml  met  In*  <« 

!•  <M  *4*r**t*  At  Ifcl*  t(M,  lM  mwtit  c*y*c ll©r*  Wrrt* 

4ewn  **rf  fvrtMr  {••tint  M4  t«  *e*ll  r*f* Ir. 

IM  r*c*i**4  •  r#f***(  ^  Met  f*r  *»r»  4*1*11*4  |nferMlie« 
{*Mtrcl*|  |AiM  4*tii  utrfitlw  *ff*<t**  *M  cti* f* t  ilHtnM# 
cMucUrlttUi  •*»  lM  u  M  mMIUN  Wr  I  &KM*r  \¥<  .  T\m 

v4Mct*»  **f*  Mill  l»  lM  *Mrt  ll«*  •IUtt«4.  TM**  eer* 
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Tube  U.  H-*  was  the  flret  vehicle  teeted,  !(  we*  operated 
on  the  4c  (Ml  *«l  and  p«*V  pover*  of  KK  kw  lo  *$0  kv  el  e  duly  cycle 
of  ,«  ‘  were  obtained.  This  correapond*  lo  en  ever*!*  power  of  7.0  kv 
to  ,  /j  kv,  lh<  ygltc  length  vee  .  I,'; 

At  i he *e  power  level#,  ihe  phase  sensitivity  to  voltage  we* 
tm e eur * 4  anf  l*  «So^ts  In  n«ur*  The  aansltlvltv  l*  frequency 

dependent,  bul  l*  lee*  then  l . •>*  for  *  l<  chan**  In  voltage  el  *ny 
frequency 

An  attempt  we*  made  lo  teet  ihe  vehicle  *1  higher  peek  povtr 
level*  end  operation  we*  found  to  be  until l efectory ,  II  we*  fell  l he l 
Ihe  vehicle  may  hove  suffered  Internet  damage  end  wee  subaequently 
opened,  upon  opening.  It  we*  obeerved  thet  Ihe  cathode  we*  not  e*M*r*d 
end  me  anode  hed  been  ellghtly  damaged. 

Du*  to  the  1 1 me  allotted  to  obteln  the  Information  requested 
by  HA  DC,  It  we*  decided  noi  to  neb*  «ny  m:r »  chenge*  to  further  develop 
the  vehicle,  but  to  return  to  the  deelgn  of  the  most  eucceeeful  attempt 
to  dete,  neeeety  Frcm  the  prevlou*  information  obtelned  on 

we  decided  t»  rebuild  I  Vtt  to  re*eod>le  JJ5®-  The  rebuilt  I  'Tit  we*  then 
•  latter  to  J35*t  In  ell  reaped*  eecept  for  e  minor  change  In  the  control 
electrode  geometry.  The  reaulta  obtained  were  presented  at  the  program 
review  meeting  of  I  December  W*. 

The  vehicle  wea  dc  operated  across  moat  of  the  required  band 
at  peak  power  ’evela  of  700  kv  to  850  kw  at  a  duty  cycle  of  0.003. 
because  of  the  time  allotted  and  the  number  of  vehicle*  on  hand,  It  vai 
decided  to  limit  the  duty  cycle  to  an  area  In  which  it  waa  felt  the 
tube  had  no  chance  of  belt*  damaged.  The  result*  are  shown  In  Figure  2* 
Saturation  cutves  for  the  vehicle  are  shown  In  Figure  75*  Thu  line 
jolrlny  the  curves  at  th#  15  kw  to  70  kw  leval  Indicate!  the  minimum 
drive  level  thet  should  be  used  to  avoid  a  high  level  of  apurlous  output 

The  control  electrode  V-l  characteristics  arc  ahown  In  Figure 
26  for  two  level*  of  peak  operating  current.  These  V*I  characteristics 
are  calculatad  from  the  measured  values  by  subtracting  the  component  of 
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Current  which  chargee  the  inters lect rod*  capacitance  from  (ha  total 
Matured  currant.  Th 1  a  currant  la  subtracted  bacaura  it  varlat  with 
tha  rata  of  riaa  of  applied  control  alactroda  voltsg*,  vhlle  the  turn 
off  current  la  independent  of  the  rat*  of  rise  of  voltage  and  the  tuba 
operating  current  The  data  Indicat*  that  8.1  kv  peak  voltage  at  11.7 
•*P*  peak  currant  are  required  to  turn  off  the  amplifier 

On  8  December  1^66,  J35*-l  va*  completed  and  teatad  Initial 
operation  ylaldtJ  power  outputa  in  the  order  of  800  kv  and  operating 
current  a  in  the  otder  of  80  aape.  However,  at  theaa  level*  a  tube  arc 
cauaad  leaeediata  degradation  of  performance  and  the  tube  had  to  be 
ravaged.  After  a  number  of  auch  arc*  it  became  more  and  more  difficult 
to  maintain  the  higher  pover  level*. 

Mead  on  the  performance  and  subsequent  degradet  ion  of  J35W-I, 
If  w*  decided  to  make  a  thorough  check  of  the  dc  pover  supply  circuitry 
Since  the  failure  of  J35H-1  vaa  apparently  catastrophic.  It  was  felt 
that  the  fault  energy  diverter  might  not  be  operating  property.  An 
analyale  of  the  circuit  did  Indeed  ehov  that  even  though  the  "crow  bar" 
apark  gap  could  be  heard  to  fire,  It  vet  not  diverting  the  stored  energy. 
It  had  bean  necessary  to  add  additional  capacity  to  the  energy  storage 
■yataa  external  to  tha  dc  pover  supply  to  reduce  the  pulse  voltage  droop 
Due  to  tha  particular  vay  in  vhtch  this  extra  capacity  had  bean  added, 
if  determined  that  tha  amplifier  fault  Impedance  va*  much  lover  than 
that  of  tha  crov  bar  circuit  aa  seen  by  tha  extra  capacitance.  Tha  net 
raeult  tree  that  aa  much  aa  1000  joulea  of  energy  vert  dissipated  in  the 
teat  vehicle  during  an  arc  which  could  causa  tha  cateetrophic  failures 
observed. 

It  vaa  \a,'r  that  this  condition  au*t  be  corrected  before 
attempting  to  operaM  tuba  I}?*- 3  Cenaidereble  effort  vent  Into 

rearranging  the  pover  supplies  and  circuitry  to  insure  proper  crov  bar 
action.  The  circuit  vaa  tatted  by  ualng  an  external  spark  gap  as  a 
fault  to  teat  the  affect Iveneat  of  tha  crov  bar. 
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frevloutly,  *  tub*  »u  1  d  dissipate  a*  Much  * ■  1000  Joules  of 
energy  during  an  arc,  where*#  r»»v  It  would  •••  l # » •  then  l  Joule.  The 
effort  expended  to  obtain  thl#  operation  haa  been  worthwhile  ac  ahovn 
by  in*  reault#  obtaltwd  on  tub*  IVW-3.  At  no  tine  did  the  tube  show 
degredat  Ion  after  an  arc  a*  had  previously  happened, 

Thl#  tube  haa  been  operated  at  peak  power  output  level;  of 
l  Kv  and  higher  at  pulac  length*  of  ?1  w#*e  aero**  a  ?50  KM t  band; 

1  *.,  firm  5-&5  CM*  to  5.90  CM*  the  average  power  level#  achieved 
alaultaneou*  ly  rang'd  froaa  $.0  kv  to  5.5  fev  The  average  efficiency 
obaerved  waa  5*  •  At  the  upper  end  of  the  band,  the  tube  generated 

l.p  Mv  of  peak  power  and  6.0  kv  of  average  power  output  at  an  efficiency 
of  5l.r-*. 

The  tube  ha*  also  been  operated  at  6CO  kv  to  900  kv  peak  power 
output  acroaa  the  5 •  bfl  CM*  to  5 .  90  CM*  band  at  an  average  power  output 
of  1.0  kw  to  4.5  kw  with  efflcienclea  of  l>5$  to  JOf,  end  acroaa  a 
5.6  CM*  to  5-9  CM*  bend  with  peek  power  level*  of  880  kv  to  (100  kv  and 
an  evartg#  power  level  of  k.b  kw  to  5-5  kv.  Thl*  la  shown  In  Figure  27. 
The  pula*  length  waa  ?},5  uaec  and  efficiency  w*a  in  excess  of  l»5^. 

For  thla  power  level  at  frequencies  below  5.6  CHi,  the  tube  arced  after 
the  control  electrode  extinguished  the  pulae.  Upon  1  meat  (get  Ion  It 
we*  dlacovered  that  the  Magnetron  driver  waa  generating  power  at 
frequencies  other  than  the  me  1 n  signal.  There  frequencies  are  attributed 
to  the  slowly  rising  e rd  failing  character  1st  Ic  of  the  euignetron  voltage 
pulse.  These  aod«i  of  operation  occur  at  tower  voltegr*  and  hence  appear 
before  and  after  the  Min  signal.  At  frequencies  below  5.6  CM*,  theta 
spurious  outputs  were  at  long  or  longer  then  the  control  electrode  pulte 
end  caused  the  eapllfler  to  restart  end  to  operate  cont Inuout ly.  which 
Inltleted  the  arcing.  Filter*  were  edded  to  the  weveguldc  eyste*  to 
prevent  these  spurious  outputs  fro*  reaching  the  amplifier  input. 

At  the  6  kv  everege  power  level  end  with  the  tube  operetlng 
voltage  of  epproxlMtely  25  Vv,  the  Interi*  dc  power  supply  wsa  at  Its 
upper  I  leei  t . 
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UUh  the  rMv  4c  pov«  r  eupp  ’  t  I  mi  •11*4  end  evaluated,  (ub# 
vai  again  operated.  The  («*>«  operated  at  *  peak  power  level  of 
t  Hv  ii4  <n  tv<rt{c  pov*f  leva !  of  l  kv,  The  pwli*  length  *  * •  t 

44»ec  •  tv)  (hi  efficiency  wa#  In  i»ci«»  of  «'4  Mfore  hiniwHth  date 
could  be  taken,  ( >x  lube  underwent  a  eudden  change  and  could  not  be 
operate!  above  *  peek  povef  level  of  V»3  kv  It  we*  decided  to  open 
the  tube  Upon  Inveit Iget ion  ll  waa  noted  ihet  the  cathode  had  mrved 
off  center.  The  effecl  we#  not  releied  lo  the  power  level  of  operation. 
Tbe  circuit  bed  not  been  damaged  end  It  wi»  decided  to  rebuild  the  lube 
with  t be  cathode  held  wore  finely  In  place. 

VMI*  n.m  wee  being  investigated,  tube  J  wee  placed  on 

hoi  le#t.  T*' •  lube  bed  been  operated  at  peaV  power  levele  of  only 
XT  V.v  to  3DC  kw  when  a  hlfh  background  preeeure  wee  noted.  The 
Vecitd^  peep  operation  wee  euepectad  and  It  wee  decided  to  replace  the 
pun?  end  to  rebate  the  tube.  While  the  tube  wee  on  the  eaheuat  etetlon 

end  at  a  temperature  of  4C0*c,  the  tube  developed  a  leak.  The  leak  wee 

dlecovered  In  the  cathode  eeeembly.  The  circuit  waa  not  damaged  end  It 
wee  declJ-d  to  rebuild  the  tube  with  e  new  cathode. 

Tube  ho.  I  4  h-b  we#  del  leered  to  hot  teet .  Whl le  on  hot  t eel 

only  e  abort  whll'  the  tube  developed  e  leek.  The  tube  we*  opened  end 

• i nee  the  circuit  had  not  been  damaged,  the  lube  we*  rebuilt.  The 
rebuilding  coneieted  of  repleclng  end  modifying  #  meeker  of  the  Input 
eeeembly  which  had  weakened.  The  remainder  of  the  assembly  teemed  light 
end  required  no  additional  work.  After  the  tube  we*  baked,  It  we* 
returned  to  the  hot  teat  ere*  where  the  background  preeeure  teemed 
abnormally  high.  The  tube  wee  leak  checked  and  a  erne  1 1  leak  wee 
dlecovered  In  e  ceramle-to-aaite I  eeal  In  the  Input  eeeembly.  In  order 
to  evaluate  the  tube  without  loelng  further  time  In  rebuilding,  the 
leek  wee  tea  led  with  glyptol  and  the  lube  waa  rebaked.  The  tube  wae 
returned  to  hot  teet  where  after  a  ehort  times  the  leak  reappeared. 

Tube  J’Sh-l  we*  now  available  end  It  wae  decided  to  evaluate 
thle  tube  rather  than  to  continue  working  with  riPJI-5,  The  tube  we# 
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•  |*4  #n4  tf*bill«o4  at  •  |n*k  | wwr  output  of  .XfJ  kw  to  JCt  kv,  although 
at  at*h  ••  400  kw  to  '/jO  kw  war*  **M«4  4wrlne  Initial  aglnc  furthar 
agl««  fa  1 1*4  t*  bring  th*  <wV«  c«  a  hlghor  I  w*  I .  It  va*  4acl4  d  to 
gocktgo  th#  tuft*  with  pomanaot  M|M(t  to  twg«r»  f«rwn*M  »*|Wl 
operation  with  oloctrowagnal  operation,  l*wlt»  thovwd  that  t**ara  va* 
tufflciont  M(fNt  ft*t4  for  op# rat  Ion. 

Th*  f  1  m I  4#»I«n  l who |  C15I,  W«*  now  ro#4y  for  toil,  Th* 
tub*  wo*  «|*4  *n4  •tohl  tla*4  1*  tho  200  kv  to  300  kv  peak  povar  output 
two  1  «o4  #*hlbtto4  proportta#  *1*1  tar  to  J3VH-3.  Tho  Unit**  oparatlon 
prc*agt*4  to  I  moat  1  gat  loo  Into  th*  yotalbl*  different**  litwin  that# 
particular  toho*  a  *4  tub#  I\?H-3  which  |#n*f*t#4  l  Ih  fovtt  output 

•  t  foil  4wty.  Tho  Inwcatlgatton  ahov *u  that  tho  c*tho4#-*r#>4#  '•.oncan* 
trlcltr  *»**  *•  «B>ch  oa  tOi  4lfforo«t,  It  waa  4oel4*4  to  try  to  plat# 
tho  c*tho4#  In  0  goal t ton  alnitar  to  that  of  I VH- 3  by  applying  an 
oitoraol  fore*  to  th*  cotho4o.  Thl*  waa  flrat  attongt  on  JP4-J,  which 
woo  tho  loo  at  4l#*i*l  tor  to  112**3.  Tho  tub*  not  only  rootla*4  th* 

WOO  kv  to  900  kv  grow  Iowa  ly  noted  4urlng  tho  aging  protoaa,  hut 
appmtch*4  th*  600  kw  low*  l . 

With  thl*  ooccoaa  In  *in4  It  woa  4*cl4*4  to  gorforw  tho 
operation  on  C15I.  Although  iaprovoanant  wo*  notod,  It  waa  not  a* 
algotflcant  a*  that  not *4  with  J35**3-  Thl*  waa  4uc  to  tha  fact  that 
C151  woa  aor*  dla*i*ll*r  to  I3£fl*3'«>*3  with  tha  llsltod  nowowont 
oval  lablo, further  l*provo*ant  could  not  ho  obtained. 

Tt  waa  decided  to  gockoga  tho  tub*  with  pernenont  nognota  to 
prove  th*  packaging  technique*.  Th*  tuh#  la  now  ogoratlng  In  th#  final 
gockoga  at  twola  atallar  to  that  grlor  to  gockoglng. 

Th*  4ato  aro  ohown  In  Tabt*  I  and  graphically  In  Figaro  28. 
Fhotogropho  thawing  tho  ahloldod  gockoga  with  external  connoctlona  and 
th*  Intornol  otruetur*  with  aognot l a  1 ng  collo  In  ptaeo  *r#  abovn  In 
rigwrto  ?9  and  10. 
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TABUS  I 

rt^ettsa  wta  rot  trt>-?yr  m  hacnctically  jkieu*d  rKaucr. 


s«rt«!  (to  C151 

-  . . — 

Operating  Conditions:  RF  In^jt  power  •  15  kw  Control  voltagr  •  -8  kw 

Fulae  length  -  21  ji»/c  Coolant  flow  •  2  gpa 

Duty  cycle  «  0.006 


Anode  woltage 

21  kw 

22  3  kw 

Frequency 

Current 

Fovur  output 

Current 

Fower  out  pi  t 

CH* 

•■pe 

kv 

mpe 

kw 

5  J75 

19.2 

IkO 

26  k 

217 

5  ^00 

19  0 

IkO 

27  k 

217 

5  k?5 

»9  3 

153 

26  k 

233 

5  k50 

20.5 

170 

30  0 

25k 

5-kT5 

21.5 

1&) 

3»  • 

273 

5  500 

22.2 

186 

30.8 

m 

5  525 

22.0 

»90 

30.0 

273 

5  550 

22.2 

»93 

29  5 

270 

5  575 

22. 5 

200 

30.5 

270 

5  600 

22.5 

»96 

303 

273 

5  625 

22.2 

200 

30.0 

270 

5  650 

22.9 

200 

29-2 

273 

5  675 

23-3 

203 

30.0 

382 

5-700 

22.9 

183 

29  5 

250 

5-725 

23  i 

190 

5  750 

2k. 2 

206 

5  775 

23  3 

190 

5.  POO 

22.9 

’*93 

5  6?5 

2*. 5 

210 

1 

5  850 

23.3 

200 

5  875 

23-9 

200 

1 

5-‘«> 

23-3 

200 

1 

5X5 

21.3 

180 

5-960 

22.2 

190 

1 

5-975 

22.0 

103 
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FIGURE  28  PERFORMANCE  DATA  FOR  SFD-237,  TUBE  G15I,  IN  MAGNETICALLY  SHIELDED  PACKAGE 


FIGURE  29  PHOTOGRAPH  OF  MAGNETICALLY  SHIELDED  PACKAGE, 
INTERNAL  VIEW 
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FIGURE  30  PHOTOGRAPH  OF  TUBE  G15I,  MAGNETICALLY 
SHIELDED  PACKAGE 
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5-0  CONCLUSIONS 

The  tube  developed  during  this  program  is  a  pulsed  crossed- 
field  amplifier  which  operates  from  a  dc  voltage  supply  through  cold 
cathode  operation  with  RF  turn  on  and  control  electrode  turn  off.  The 
amplifier  operation  has  been  demonstrated  at  peak  power  output  levels 
of  1  Mw  and  higher  at  pulse  lengths  of  23*psec  across  a  250  MHz  band 
from  5-65  GHz  to  5*9  GHz.  The  average  power  achieved  simultaneously 
ranged  from  5-0  kw  to  5-5  kw.  The  average  efficiency  observed  was  50 ejo 
and  the  operating  voltage  was  approximately  25  kv.  At  the  upper  end  of 
the  band,  the  amplifier  was  operated  at  1  Mw  peak  power  and  10  kw  of 
average  power.  The  amplifier  was  also  demonstrated  with  a  600  kw  to 
900  kw  peak  power  output  across  5.48  GHz  to  5.9  GHz. 

The  phase  performance  of  the  amplifier  was  also  demonstrated 
to  have  the  following  characteristics:  phase  sensitivity  to  voltage  was 
approximately  1  per  1$  change  in  voltage  across  most  of  the  band; 
phase  sensitivity  to  RF  drive  power  varied  from  approrimately  6°  per 
1  db  change  at  the  low  frequency  end  of  the  band  to  less  than  1°  per 
1  db  change  at  the  high  end  of  the  band.  The  phase  deviation  from 
linearity  was  demonstrated  to  be  approximately  20°  peak  to  peak  with 
the  tube  operating  at  the  700  kw  to  85O  kw  level  with  the  RF  input  at 
50  kw.  The  deviation  from  linearity  was  found  to  be  periodic  and 
related  to  a  feedback  mechanism  in  the  tube.  The  cold,  that  is  non¬ 
operating  phase  deviation  was  found  to  be  approximately  10°  peak  to 
peak  with  the  same  periodicity  as  in  the  operating  amplifier.  It  was 
therefore  concluded  that  the  feedback  results  from  insufficient  decoupling 
of  the  RF  power  between  the  input  and  output  sections  of  the  slow  wave 
circuits . 

In  general,  most  of  the  target  specifications  have  been 
achieved  and  demonstrated  but  not  necessarily  at  the  same  time. 

A  magnetically  shielded  packaged  amplifier  with  integral 
magnets  was  constructed  and  delivered.  The  package  has  a  10  inch 
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diameter  and  is  3?  inches  long.  The  input  and  output  waveguides  are 
arranged  parallel  to  the  axis  of  the  amplifier  and  are  located  at  the 
ends  of  the  package.  The  coolant  input  and  output  and  the  high  voltage 
connections  are  located  on  the  input  end  of  the  package. 

The  performance  of  the  packaged  amplifier  fell  short  of  the 
target  specifications.  Operation  was  limited  to  200  kw  to  300  kw  peak 
power  output  at  reduced  voltage.  The  reduced  performance  was  due  to  a 
severe  anode-cathode  eccentricity  which  could  not  be  corrected  with  the 
remaining  funds  and  time. 
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6 . 0  RECOMMENDATIONS 

The  SFD-237 .  in  its  present  state,  very  nearly  meets  the 
minimum  speci f ica tions .  However,  it  appears  to  be  quite  possible  to 
extend  the  operation  to  meet  the  full  target  specifications  of  1  Mw 
peak  power  output  across  the  full  500  MHz  band.  In  order  to  accomplish 
this,  it  would  be  necessary  to  alter  the  dispersion  characteristics  sn 
that  the  tube  would  operate  at  a  higher  range  of  phase  shift  per  section. 
To  alter  the  phase  shift  range,  a  slight  adjustment  of  the  anode  slow 
wave  circuit  will  be  necessary.  No  further  major  change  is  deemed 
necessary  since  the  vehicles  have  demonstrated  their  average  power 
capability . 

A  very  interesting  area  of  future  study  is  the  possibility  of 
introducing  "self-turn  off";  that  is,  to  have  the  amplifier  cease 
current  conduction  when  the  RF  drive  power  is  removed.  Removal  or 
reduction  of  the  control  electrode  turn  off  would  considerably  simplify 
modulator  requirements. 

A  third  area  of  study  should  be  experiments  to  determine  the 
operating  life  of  this  type  of  vehicle  at  high  peak  and  average  powers 
with  relatively  high  peak  and  average  cathode  current.  Very  little  is 
known  of  the  operating  life  of  cathode  materials  in  this  operating 
- ange . 
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APPENDIX 

TEST  PROCEDURE 
SFD-237 
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1 .0  PURPOSE  AND  SCOPE 

The  purpose  of  this  document  is  to  specify  the  test  procedures 
to  be  used  in  demonstrating  the  conformance  of  the  SFD-237  to  the  speci¬ 
fications  of  Exhibit  "A"  (as  modified)  of  Contract  AF  30(602)-Uo82. 

The  specifications  are  included. 
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2.0  STANDBY  MECHANICAL  TEST 

The  static  water  pressure  test  shall  be  performed  on  the 
coolant  chambers  by  applying  water  at  1*5  spig  minimum.  No  leaks  shall 
occur  in  the  coolant  chamber  fittings.  The  time  of  the  test  shall  be 
at  least  one  (1)  minute. 
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3 . 0  OPERATIONAL  TESTS 

3 . I  Pre-test  Conditions 


The  following  conditions  shall  be  set  before  starting  the 


3.1.1  The  coolant  flow  rate  shall  be  set  at  2-5  -  0.1  gpm. 

3.1.2  The  calorimeter  flow  rate  shall  be  noted  and  recorded  on  the 
Acceptance  Test  Data  Sheet  (ATDS). 

3.1.3  The  calorimeter  thermometer  readings  shall  be  noted  for  the 
initial  At  after  a  sufficient  time  has  elapsed  to  allow  for 
thermal  equilibrium.  The  initial  At  shall  be  recorded  on 
the  ATDS. 

3.2  Test  Conditions  (Minimum  Acceptance  Conditions) 

3.2.1  The  RF  pulse  length  shall  be  set  at  19-21  psec  measured  at  the 
3  db  points  on  the  RF  pulse  envelope.  The  repetition  frequency 
shall  be  set  for  a  maximum  duty  cycle  of  0.01. 

3.2.2  The  RF  input  power  shall  be  set  to  70  kw  peak  maximum  at  the 
input  to  the  crossed-f ield  amplifier  (CFA)  at  all  test  fre¬ 
quencies.  The  RF  input  power  shall  be  moni-ored  by  suitable 
means  to  insure  proper  drive  power  at  all  test  frequencies. 

3.2.3  The  control  electrode  voltage  pulse  shall  be  set  at  8.3  kv 
maximum.  The  pulse  shall  be  positioned  so  that  it  begins  at 
the  point  where  the  RF  input  pulse  power  drops  approximately 

1  db  below  the  average  peak  value.  The  control  voltage  shall 
be  maintained  until  the  RF  drive  power  is  completely  removed. 

3.2.4  With  the  drive  turned  off  and  with  the  control  electrode  voltage 
properly  adjusted  for  time  sequence  as  described  above,  the  dc 
power  supply  shall  be  turned  on  and  set  to  the  specified  operating 
voltage  (-25  kv  maximum).  The  RF  drive  can  now  be  applied. 

This  procedure  shall  be  followed  each  time  the  dc  voltage  is 
removed  from  the  tube. 

3.3  Power  Output 

With  the  control  electrode  voltage  properly  applied  and  with 

the  dc  voltage  set  at  the  specified  value,  the  power  output  shall  be 

measured  as  dercribed  in  Section  4.2.  The  RF  input  power  at  the  CFA 
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input  shall  not  exceed  JO  kw  and  shall  be  adjusted  at  each  test  fre¬ 
quency.  The  power  output  shall  be  ..easured  at  0.01  GHz  increments 
from  5.4  GHz  to  5*9  GHz. 

The  dc  voltage  setting  shall  remain  fixed  at  the  specified 
value  throughout  the  test  and  this  voltage  shall  not  exceed  -25  kv. 

The  average  current  shall  not  be  more  than  0.700  amps  for  the  0.01  duty 
cycle.  The  average  output  power  shall  not  be  less  than  7  kw  nor  more 
than  11.1  kw  at  any  test  frequency  in  the  band.  Each  measurement  of 
voltage,  current,  and  power  output  shall  be  recorded  on  the  ATDS . 

3.4  Efficiency 

The  efficiency  shall  be  calculated  on  an  average  power  basis 
from  the  results  obtained  in  Section  3-3*  The  efficiency  is  defined 
as  the  ratio  of  RF  power  output  to  the  product  of  the  average  current 
and  the  dc  voltrige.  The  minimum  efficiency  at  any  test  frequency  shall 
be  40$.  The  average  efficiency  shall  be  45$  minimum.  The  average 
efficiency  is  defined  as  the  sum  of  the  efficiencies  obtained  at  the 
eleven  test  points  divided  by  eleven. 

3 • 5  Starting  Time  Jitter 

The  starting  time  Jitter  shall  be  measured  by  observing  the 
pulse  to  [ jlse  variation  of  starting  time  references  to  the  RF  input 
pulse.  The  leading  edge  of  the  envelope  of  the  RF  output  pulse  will  be 
displayed  on  an  oscilloscope  which  has  the  time  base  triggered  by  the 
envelope  of  the  RF  input  pulse.  The  time  base  shall  be  10  nanoseconds 
per  centimeter.  The  starting  jitter  shall  not  exceed  10  nanoseconds 
as  observed  during  any  1  second  interval.  This  measurement  shall  be 
made  with  rated  powev  output  at  a  frequency  of  5*9  GHz.  The  measure¬ 
ment  data  shall  be  recorded  on  the  ATDS. 
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3 . 6  Phase  Linearity 

3*6.1  The  phase  linearity  shall  be  measured  using  the  method  described 
in  Section  4.3.  The  measurements  shall  be  made  in  0.05  GHz 
increments  from  5-4  GHz  to  5*9  GHz  with  the  amplifier  operating 
at  rated  conditions.  The  deviation  from  linearity  is  defined 
as  the  departure  from  a  straight  line  drawn  through  the  eleven 
measurement  points.  The  maximum  peak  to  peak  deviation  shall 
not  exceed  TBS  degrees. 

3.6.:?  At  the  frequencies  of  5-4  GHz,  5-65  GHz,  and  5-9  GHz  a  calibrated 
VSWR  shall  be  interposed  between  the  CFA  and  the  load.  The 
calibrated  VSWR  shall  be  the  equivalent  of  a  2.5:1  mismatch  as 
seen  through  a  circulator  having  at  least  20  db  isolation  between 
input  and  output.  The  circulator  input  VSWR  shall  not  exceed 
1.25:1  when  the  output  is  terminated  witn  a  mtached  load.  The 
phase  of  the  calibrated  VSWR  shall  be  adjusted  to  obtain  minimum 
RF  output  power  at  rated  /oltage  at  each  of  the  three  frequencies. 
The  deviation  from  the  straight  line  drawn  through  the  three 
points  shall  not  exceed  plus  or  minus  TBS  degrees. 


3.7  Spurious  Power  Output 

The  spurious  power  output  shall  be  measured  by  the  method 
shown  in  Section  4.4. 

3.7.1  The  spurious  power  output  with  the  beam  on  shall  be  at  least 

35  db  below  the  signal  amplitude  when  both  signal  and  noise  are 
measured  using  a  3  MHz  bandwidth  filter.  Spurious  power  output 
shall  be  checked  from  5-3  GHz  to  6.0  GHz  excluding  a  band  plus 
or  minus  10  MHz  around  the  center  of  the  signal  spectrum.  The 
measurements  shall  be  made  at  5*4  GHz,  5*65  GHz,  and  5*9  GHz 
and  recorded  on  the  ATDS. 

3.  (.2  The  spurious  power  output  with  the  beam  off  will  be  measured 

using  the  method  described  in  Section  4.5*  This  test  shall  be 
conducted  only  after  completion  of  all  tests  mentioned  above. 

The  spurious  power  Output  with  the  beam  off  shall  not  exceed 
-104  dbn01Hz  over  the  operating  band  between  5-4  GHz  and 
5.9  GHz. 

3.8  Phase  Tracking 

The  phase  tracking  characteristics  shall  be  measured  using 
the  method  described  in  Section  4.3  and  compared  with  a  suitable  standard. 
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4.0  MEASUREMENT  TECHNIQUES  FOR  ACCEPTANCE  TEST  PROCFQl'Rfc.S 

All  electrical  test  equipment  pertinent  to  the  measurements 
indicated  below  are  calibrated  in  the  S-F-D  laboratories'  Calibration 
Control  Program. 


4. 1  Tube  Operating  Parameters 

4.1.1  Voltage 

The  vo!’age  will  be  measured  with  a  Sensitive  Research  Instru¬ 
ment  Co.  electrostatic  voltmeter,  Model  Eshpot. 

4.1.2  Average  Current 

The  average  current  will  be  measured  with  a  Weston  dc  milliammeter , 
Model  1761,  or  equivalent. 

4.1.3  Frequency 

The  frequency  will  be  measured  with  a  Hewlett-Packard  frequency 
meter,  Model  J532A- 

4.1.4  Duty  Cycle 

The  duty  cycle  will  be  measured  using  a  Tektronix  oscilloscope, 
Model  543A  with  a  type  CA  plug  in  unit. 

4.1.5  RF  Power 

The  RF  power  will  be  measured  with  a  calorimeter  (as  explained 
under  Section  4.1.6,  Power  Output)  and/or  by  a  Hewlett-Packard 
microwave  power  meter,  Model  430C,  in  conjunction  with  calibrated 
directional  couplers. 

4.1.6  Power  Output 

The  power  output  of  the  tube  will  be  measured  on  an  average  power 
basis  using  a  water  load  and  calorimeter,  as  shown  in  Figure  1. 

The  VSWR  of  the  water  load  will  be  measured  across  the  frequency 
band  and  shall  be  less  than  1.10:1. 

The  calorimeter  flow  rate  is  adjustable  up  to  at  least  2000  cc/min 
and  the  thermometers  are  marked  in  divisions  of  0.1°,  yielding 
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a  resolution  of  about  0.05°.  (At  a  1000  cc/min  flow  rate,  a 
0.1  temperature  difference  corresponds  to  less  than  7  watts 
of  average  power.  Thus  at  the  rated  average  power,  the  resolu¬ 
tion  error  is  less  than  0.1#.) 

The  calorimeter  will  be  calibrated  using  a  substitution  method. 

A  water-cooled  resistance  will  be  placed  in  series  with  the 
water  load.  With  the  flow  rate  at  1000  cc/min  and  the  inlet 
water  set  at  a  reference  temperature,  a  known  amount  of  (60  Hz) 
power  will  be  applied  to  the  resistance.  (This  power  will  be 
measured  using  a  standard  calibrated.wattmeter . )  The  power  will 
then  be  calculated  from  the  temperature  rise  of  the  thermometer 
and  a  calibration  curve  for  the  calorimeter  will  be  made.  All 
measurements  are  made  when  the  system  reaches  equilibrium  condi¬ 
tions  (approximately  3  minutes  after  making  any  change). 

An  accuracy  of  plus  or  minus  3#  la  anticipated. 


^•2  Phase  Measurement* 

The  technique  to  be  used  is  a  modified  version  of  a  null  detec¬ 
tion  method  as  shown  in  schematic  form  in  Figure  2. 

The  length  of  the  input  arm  of  the  phase  bridge  is  adjusted 
so  that  the  rate  of  change  of  phase  with  frequency  of  the  output  arm 
la  adjusted  with  the  amplifier  operating  at  approximately  mid-band. 

The  total  linear  change  in  phase  with  the  amplifier  operating  should 
no*  **ceed  50  when  the  amplifier  is  tuned  across  the  operating  band 
of  frequencies. 

The  measurement  to  be  made  is  the  phase  deviation  from  a 
straight  line  so  that  the  measurement  begins  by  balancing  the  bridge 
using  the  precision  attenuator  (h)  and  the  phase  shifter  (G)  to  obtain 
a  deep  null  as  viewed  on  the  oscilloscope  (F).  This  initial  balancing 
may  be  started  at  either  end  of  the  operating  band  with  the  amplifier 
operating.  The  measurement  proceeds  by  tuning  the  frequency  across 
che  operating  band  in  approximately  ten  steps.  At  each  step,  the  phase 
shifter  (G)  is  adjusted  to  bring  the  display  to  a  null  on  the  oscillo¬ 
scope  (F).  The  amount  of  phase  change  is  read  directly  from  the  phase 
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A  Modified  SFD-313  magnetron 

B  Narda  Model  IO83  directional  coupler 

C  Hewlett  Packard  attenuator  Model  J3T2D 
D  Bogart  C-band  water  load 

E  Hybrid  T 

F  Tektronix  plug  in  aaplifler 

G  Hewlett  Packard  phase  ahifter  Model  J885A 
H  Hewlett  Packard  precision  attenuator  Model  J382A 

FIGURE  2  PHASE  MEASUREMENT  TEST  SET 
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shifter  (G).  The  precision  attenuator  need  not  be  changed  after  the 
initial  adjustment  since  the  amplitude  of  the  signal  in  both  arms  will 
remain  essentially  constant.  The  eleven  points  so  obtained  are  plotted 
as  a  change  of  phase  as  a  function  of  frequency,  and  a  straight  line 
is  drawn  through  the  points.  The  deviation  from  linearity  is  measured 
as  the  distance  between  the  line  and  the  recorded  point. 

The  components  of  the  phase  bridge  are  especially  selected 
for  this  type  of  measurement  (high  directivity  directional  couplers, 
low  VSWR  attenuators,  etc.)  so  that  measurement  errors  (particularly 
errors  due  to  reflections  from  system  components)  will  not  be  a  major 
problem.  The  system  should  have  a  plus  or  minus  1°  accuracy. 

4.3  Noise  Measurements 

The  block  diagram  of  the  noise  measurement  test  set  is  shown 
in  Figure  3*  1°  this  set  up,  a  portion  of  the  amplifier  signal  is  mixed 

with  a  local  oscillator  to  obtain  a  30  MHz  output.  The  local  oscillator 
is  a  linearly  swept  backward  wave  oscillator  (BWO)  whose  frequency  range 
is  4  GHz  to  8  GHz.  The  output  of  the  mixer  is  fed  through  a  3  MHz  band 
pass  filter  centered  at  30  MHz.  This  signal  is  fed  through  an  IF  strip. 

The  output  is  displayed  on  an  oscilloscope.  By  using  a  calibrated 
attenuator  in  the  IF  strip,  the  power  output  at  any  frequency  can  be 
compared  to  the  power  output  at  the  signal  frequency.  An  accuracy  of 
plus  or  minus  1  db  is  expected. 

To  measure  the  noise  with  the  beam  off,  the  system  is  cali¬ 
brated  against  a  calibrated  noise  source.  The  output  of  the  CFA  with 
the  specified  voltage  applied  is  mixed  with  the  swept  local  oscillator 
and  compared  with  the  noise  obtained  from  the  calibrated  source. 

r 

4.4  Interpuisfc  Noise  Measurement 

» 

The  block  diagram  of  the  lnterpluse  noise  measurement  set  is 
shown  in  Figure  4. 
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FIGURE  3 
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NOISE  MEASUREMENT  TEST  SET 
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This  measurement  is  to  be  made  by  running  hot  water  through 
the  CFA  coolant  channels  so  that  the  temperature  of  the  CFA  can  be 
raised  to  somv  value  above  the  ambient  temperature.  The  RF  input  port 
to  the  CFA  is  to  be  terminated  in  a  matched  load  and  a  dc  voltage  is 
applied  to  the  cathode.  The  RF  output  port  is  coupled  to  a  balanced 
mixer.  A  calibrated  noise  source  is  provided  to  calibrate  the  entire 
noise  detection  system.  The  interpulse  noise  output  of  the  CFA  is 
then  compared  against  the  calibrated  source  across  the  operating  fre¬ 
quency  band. 
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SFD-237  PERFORMANCE  SPECIFICATIONS 


Center  frequency 


5.65  GHz 


Instantaneous  bandwidth 


Peak  power  output 


Average  power  output 


Cain 


Cathode  voltage 
Control  electrode  mu 


Min:  2  db  ]  500  MHz  (with  con- 

Target:  1  db  #  stant  voltage  and 

Goal:  0.25  db  j  constant  drive 

Min:  700  kw 

Target:  1  Mw 

Goa  1:  2  Mw 

Min:  7  kw 
Target:  10  kw 

Goal:  20  kw 

Min:  10  db 
Target:  13  db 

Goal:  15  db 

-25  kv  ma  ximum 

3  minimum 


Efficiency 

Minimum 


Average 


Phase  linearity 


4o£ 

Min:  45* 

Target:  50^ 

Goal:  55^9 

plus  or  minus  2.5  degrees  maximum 
from  linear  across  the  500  MHz  band¬ 
width  (objective) 


Phase  tracking  plus  or  minus  5-0  degrees  maximum 

across  the  500  MHz  bandwidth  between 
any  two  of  any  number  of  amplifiers 
operated  in  parallel  under  identical 
dc  and  frequency  conditions  (objective) 

Pulse  width  Shall  be  capable  of  the  following: 

Min:  20  jisec 
Target:  50  nsec 
Goal:  60  Msec 
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Load  VSWR  capability 


Starting  time  Jitter 


Noise 


Cool ing 


Magnetic  field 
Package 


Demonstration 


Whpn  operated  with  a  circulator,  a 
mismatch  of  up  to  2.5:1  at  any  phase 
angle  shall  not  alter  any  other  para¬ 
meter  outside  of  the  specification 
limit 

Shall  not  exceed  10  nanoseconds,  with 
5  nanoseconds  as  an  objective 

-104  dbm/MHz  maximum  contributed  by 
the  tube  during  the  interpulse  period 
and  ~35  db  during  the  pulse  (3  MHz 
integrated) 

Water  cooling  shall  be  employed  with 
one  input  and  one  output  connection 
to  the  package  at  ground  potential 

Permanent  magnets  shall  be  employed 

Maximum  transverse  dimension  is  9  inches. 
Package  shall  be  magnetically  shielded 

The  contractor  shall  demonstrate  at 
the  contractor's  plant,  that  the  tube(s) 
operate  in  accordance  with  the  speci- 
ficatidn  stated  herein.  The  demon¬ 
stration  shall  be  conducted  in 
accordance  with  the  approved  test 
procedures . 
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— A  C-band  phased  array  crossed-field  amplifier,  capable  of  delivering  1  Mw  peak 
power  with  10  kw  average  power  output  over  a  500  MHz  band  centered  at  5.65  GHz,  has 
been  developed.  This  tube  is  dc  operated  with  control  electrode  turn  off  and  is 
packaged  in  a  10  inch  diameter  msgnetically  shielded  package  with  integral  permanent 

magnets. 

This  tube  employs  a  new  slow  wave  structure  developed  under  an  earlier  program, 
patching  studies  on  this  circuit,  the  helix  coupled  vane  (HCV)  circuit,  have  resulted 
In  a  good  match  over  approximately  1  GHz. 

A  cathode  material  study  evaluated  several  materials  for  use  in  the  high  power 
•  dc  operated  amplifier.  An  impregnated  tungsten  matrix  type  cathode  was  used  on 
the  program  as  a  result  of  this  study.  1A 

Peak  power  levels  of  TOO  kw  to  805  kw  at  a  pulse  length  of  approximately  32  (jsec^ 
with  nearly  full  instantaneous  bandwidth  resulted  from  dc  opexation  of  a  vehicle 
in  an  electromagnet.  This  tube  subsequently  operated  at  5.9  GHz  and  generated  1  Mw 
peak  power  output  with  10  kw  of  average  power  output. 

Phase  measurements  were  performed  on  three  vehicles. 
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